Chromosomal alterations are the main causes of genetic diseases. One of the characteristics of certain genetic syndromes is ID (intellectual disability) presented by the individual in varying degrees. The study of the ID, its etiology, association or not with chromosomal abnormalities and a clinical diagnosis associated with the examination of karyotype are important aspects to consider when providing genetic counseling for families. Due to the lack of similar studies and of easy access to cytogenetic services for the Amazonian population, this study aimed to contribute to the advancement of this line of study in the state, analyzing the karyotype of individuals with ID, not Down Syndrome treated at the APAE-Manaus and identifying the main types of chromosomal alterations in the individuals analyzed. Analyzes were performed of the clinical diagnosis through investigation of the data from the interview and medical records as well as analysis of the karyotype of 31 patients with non-Down syndrome ID, attended in the APAE-Manaus. Of these subjects, 20 were female and 11 male. The results showed only 2 cases of chromosome abnormalities are detectable by classical cytogenetics, one of mosaic Turner syndrome and one a heterochromatic variant. It is therefore necessary to complement the study with the addition of molecular techniques for the investigation of microdeletions and/or other alterations not detectable through the banding technique, mainly for individuals whose dysmorphisms indicate a suspected syndrome.
Introduction


The American Association on Intellectual and Developmental Disabilities [1] defines ID (intellectual disability) as the lower intellectual functioning or IQ (intelligence quotient) than the populational mean associated with adaptive limitations in at least two areas of skills, such as communication, self-care, home life, social adaptation, health and safety, use of community resources, determination, academic functions, leisure and work. Intellectual disability is also considered an incomplete or inhibited state of development of the intellect, occurring in about 1-3% of the population, causing impairment in cognitive, linguistic, motor and social components of the intelligence of the individual [2] . In the World Health Organization WHO-CID 10 [3] , the definition of ID is based on quantitative criteria for classification and, according to the result obtained in IQ tests, it can be classified as mild, moderate, severe, and profound. The diagnosis of ID is performed by doctors and psychologists, however, interdisciplinary teams of educational institutions can also carry it out according to the demand and institutional scope in which the individual is inserted [4] .
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Syndromic ID presents an association with phenotypes of malformations, dysmorphism, seizures, etc., whereas in non-syndromic ID the only clinical manifestation of the patient is the ID. In cases of syndromic ID the presence of other associated signs and symptoms allow the patient to be clinically categorized into a known genetic syndrome, usually these are the more severe cases [5] . However, about 20-50% of the moderate to severe cases and 80% of the mild cases of ID do not have a genetic diagnosis [4] .
The etiology of ID is difficult because it can either be caused by environmental factors, such as perinatal cerebral ischemia, fetal alcohol syndrome, pre-or post-natal infection, or by genetic factors, such as chromosomal and single gene disorders, that is, there are multiple factors that may be related to ID independent of social class or status. This justifies the need for inclusion of ID as a diagnostic category, as this would help in the identification, intervention, support, promotion of care and attendance to rights positively contributing to the quality of life of the patient and family [4] [5] [6] .
Cytogenetic studies have contributed to the diagnosis of diseases related to chromosomal abnormalities and their relationship with intellectual disabilities. Cytogenetic techniques used in the etiological evaluation of ID are important tools in the analysis and diagnosis of affected individuals, enabling early therapeutic interventions. When a diagnosis is confirmed, doubts and questions of parents can be clarified and reproductive decisions are taken considering the definite diagnosis in cases of genetic counseling [7] .
In Special Education Schools in Santiago, Chile, Alliende et al. [8] conducted a study including 103 individuals with non-Down syndrome ID, of whom only one had an etiologic diagnosis. In another study by Abreu [9] , carried out in three APAES of the Rio Preto region of São Paulo, 12.1% of individuals affected by ID had chromosomal abnormalities, of which 90.2% were numerical, mostly trisomy 21. In a study conducted by Storniolo et al. [10] , with a sample of 51 students of an APAE of São Carlos, with ID of unclear etiology, 13 cases were found in which it was possible to establish the ID etiology. 2 had a clinical history suggesting X-linked ID, and in 36 the etiology was not confirmed.
Research in Human and/or Clinical Cytogenetics in the capital of Amazonas state is still fairly scarce and there are a limited number of laboratories with the specific service of karyotype analysis in the public sectors, with this type of service being uncommon even in the private sector. This prevents access to the most common clinical diagnostic service for individuals with non-Down syndrome ID, including cytogenetic analysis (karyotype evaluation) and its possible association or not with any chromosomal alterations.
Material and Methods
This study was approved by the Research Ethics Committee of the State University of Amazonas under authorization number CEP-UEA 1.475.898 and that written informed consent was obtained from all participants.
Sample
Individuals with non-Down syndrome intellectual disabilities attending the Ilza Garcia Pedagogical Partner Service Center-APAE/Manaus, were included. Out of a population composed of 61 individuals eligible for inclusion in the sample, only 31 were included, these being 20 females and 11 males, aged 9 to 53 years.
All the parents or guardians signed a consent form and then underwent a diagnostic-clinical screening conducted through a questionnaire in the form of Diagnostic Form, in which each individual received an identification code (APAE-01 to APAE-31) and data related to personal aspects, illness history, pregnancy, childbirth, consanguinity and dysmorphism were collected. The medical records of the individuals were also analyzed for verification of the psychological or neurological screening which indicated the degree of ID of these individuals. These data were tabulated and analyzed using the Excel 2016 ® program.
Karyotype Collection, Culture and Analysis
Blood sample of 5 mL was collected from each individual by trained healthcare professionals. The lymphocyte culture was performed according to the technique of Moorhead et al. [11] , with alterations. Each 5 mL sample of blood was transferred to two duly identified heparinized tubes and placed in a vertical position at room temperature in the sterile laminar flow cabinet. Next, 500 μL of whole peripheral blood were placed in complete culture medium composed of 8 For the chromosome analysis the G banding technique [12] with modifications was used. The karyotype analysis was performed using a NIKON Eclipse E200 light microscope, with an average 20 to 30 metaphases per individual observed, in cases of suspected mosaicism this number increased to 50. Next, image capturing and assembly of karyotypes were performed, using the GeneAll-HD software, and the results evaluated according to the standards of the International System for Human Cytogenetic Nomenclature [13] .
Results
In 2015 the Ilza Garcia Pedagogical Partner Service Center-APAE/Manaus attended 61 individuals with non-Down syndrome ID, whose ages ranged from 09 to 53 years, without defined clinical diagnosis, being eligible for this study, of these, 31 (51.67%) composed the sample after signing the consent form.
Analysis of Diagnostic-Clinical Data
Females were more prevalent in the sample, accounting for 64.52% (20/31) Regarding family history, parental consanguinity was denied by 83.87% (26/31) of the patients; 3 (9.67%) confirmed consanguinity; 1 (3.23%) could not provide the data due to adoption into the family; and 1 (3.23%) did not answer. Other cases of ID in the family were reported by 61.29% (19/31) of the subjects. Regarding the outpatient clinical examination for the detection and classification of the ID, it was verified that 13 (41.94%) had been performed by a neurologist, 13 (41.94%) by a neurologist and a psychologist, 2 (6.45%) by a psychologist and 3 (9.67%) had no evaluation (Table 1) . Of these, the only ones that underwent an IQ Most common dimorphism founded in each body segment in the cases studied. Table 2 .
In the physical examination, it was found that 83.87% (26/31) of the probands presented at least one dysmorphological change. Two did not perform the physical examination, representing 6.45%, and three (9.67%) presented isolated ID. The absolute number and frequency of the subjects who had at least one change in body segment are presented in Table 3 , as is the list of the most common dysmorphisms. The head segment was the most affected (51.6%), with the most frequent findings being: elongated face, broad brow, microcephaly, macrocephaly, facial asymmetry, dysgnathia, prognathism, micrognathia, macrognathia, ogival palate, low-set ears, simplified ears, orbital hypo and hypertelorism.
Cytogenetic Analysis
The karyotype analysis was performed on all samples, among which 2 (6.45%) presented abnormal tests (Table 4 ). The clinical manifestations of the
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chromosome abnormalities detected by classical cytogenetics, for each individual, are described below. Case APAE-09, male subject, 28 years of age, classified as having non-specified ID, in the physical examination presented wide forehead, pointed chin, orbital hypotelorism and strabismus; nose with broad base, low bridge and downward pointing tip; simplified ears; upper limb: dysgnathia, clinodactyly of the 5th finger. The chromosomal alteration detected was 46, XY, 9qh+ (Figs. 1 and 2) .
Case APAE-17, female subject, 46 years of age, classified as having moderate ID, in the physical examination presented large nose with elongated base, camptodactyly, winged scapula and short stature. The karyotype analysis revealed the change 45, X/46, XX (Figs. 3 and 4) equating to mosaic Turner syndrome in the proportion of 10% in 50 metaphases analyzed. 
Discussion
In this study the frequency distribution according to the gender of the patients showed a predominance of females in relation to males, in the ratio of 1.8:1, which is not in agreement with the proportions described in the literature, both in studies related to genetic changes in general [14] and those, such as the study by Storniolo et al. [10] , in which the sample was composed of students of an APAE in San Carlos with ID. In the literature the male prevalence is mainly due to the large amount of X-linked conditions that occur with ID, as the male genome is more vulnerable to mutations in this chromosome due to the absence of an allele [15] . This discrepancy can be attributed to the sample in this study not including individuals with Down syndrome, who are the majority in the study institution.
It is known that the diagnosis of ID can only be made in people over 5 years of age, whose IQ can be tested [16] , and depends on the presence of cognitive performance below the mean associated with adaptive
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with Non-down Syndrome Intellectual Disability 818 deficits, with demonstration prior to 18 years of age [17] . People under the age of 5 are classified as having DNPD (delayed neuropsychomotor development). In this study, it could be inferred that the professionals mainly focused on the clinical examination, as only three subjects had performed the IQ test. The others were classified according to what the professional had measured in the outpatient clinic and confirmed in the medical record, a very common practice in health centers and similar institutions. Following this reasoning, the ID in this study were classified as follows: 41.94% could not be specified, 25.8% were classified as mild, 25.8% moderate and 6.45% severe. These results differed from the findings of Storniolo et al. [10] , which showed a predominance of patients with moderate ID (54.90%), followed by severe ID (21.57%).
In the study sample there was a high prevalence of cases of ID associated with physical alterations, a characteristic indicated in the literature as syndromic ID [5] . Facial changes were the most frequent among the patients, highlighting the detailed observation of the syndrome characteristics, as facial dysmorphism contributes more to the diagnosis of syndromes previously described in the literature [18, 19] .
The presence of parental consanguinity was denied in the majority of cases, as was family history of neuropsychiatric impairment. Familial recurrence associated with cases of moderate to severe ID is reported in the literature [20] , with the description of families with many affected individuals being unusual, with this occurring more often in conditions linked to the X chromosome [21] . For idiopathic ID, positive family history is described in 3% to 7% of cases [22] .
Karyotype examination is recommended as a first step in the laboratory investigation of cases of ID [23, 24] . A systematic review [19] demonstrated that, in various studies, chromosomal abnormalities were found, on average, in 10% of the patients analyzed. In this study the percentage of cases showing some kind of chromosomal abnormality found was 6.45%. This may also be due to the specificity of the sample in question, considering the non-inclusion of individuals with Down syndrome, as compared to the study by Abreu [9] , performed in three APAES of the Rio Preto region of São Paul, where 12.1% of the individuals with ID presented chromosomal abnormalities and of these 90.2% were numerical, with a higher prevalence of trisomy 21, observed in 77.2% of the cases.
The presence of large numbers of findings in the dysmorphological examination (> 6) is described in association with chromosomal alterations [16] , a fact confirmed in the case of mosaicism detected in this study. However, many of the patients whose karyotype study was normal also presented more than six dysmorphisms, suggesting further investigation for these individuals with complementary examinations using molecular cytogenetic techniques.
Regarding the changes found, only case APAE-17 would be considered to have chromosomal alteration in the literature, because the karyotype found indicated mosaic Turner syndrome, a chromosomal alteration where there is only one functional X chromosome. The chromosome constitution found was 45, X. According to the literature, Turner syndrome presents an incidence of 1/2500 in females [25] [26] [27] . Some dysmorphological characteristics compose the phenotype, such as short and webbed neck, hair low-set on the neck, shield chest, short stature, etc. and patients may also have hearing problems, visual disturbances, learning disabilities and infertility, among other renal and cardiac disorders [26, 27] . In case APAE-17 the dysmorphological findings were consistent with certain aspects of the phenotype described in the literature, as the subject presented a short and webbed neck, short stature and learning difficulties. This syndrome presents great phenotypic variability and may manifest as the most classical form, in which dysmorphisms are clearly evident, to form with few signs of dysmorphism, with the latter making the prognosis difficult [28] . In the case of mosaicism, the literature cites two types, XX/X0 and XXY/X0, Cytogenetic Diagnosis and Analysis of the Clinical Profile of Individuals with Non-down Syndrome Intellectual Disability 819 however, in cases of XX/X0 the dysmorphic characteristics for Turner syndrome are attenuated [29] [30] [31] . In the case found in this study, as well as the mosaicism being XX/X0, the cellular proportion of mosaic cells was 10%, which explains the phenotype presenting the dysmorphisms characteristic of this syndrome in attenuated form.
Regarding case APAE-09, the change found is actually what the majority of the references consider common cases of variation of heterochromatin in normal karyotypes [32, 33] , i.e. not representing major problems for the individuals. However, there are studies mentioning individuals with increased heterochromatin of chromosome 9 (9qh+), as in the case found, presenting a higher risk of a chromosomally abnormal conception [34] , others suggest that the difference between homologous pairs could hamper pairing or non-disjunction predisposing carriers of heteromorphism to the development of intellectual disabilities among others [33] . This suggests the need for further investigation.
Conclusions
In this study, it was possible to perceive the great variability of presentation of intellectual disability. The sample consisted of cases of diverse levels of severity of ID and various patterns of syndromic impairment.
This was not greater due to the first inclusion factor, to not present Down syndrome, in an institution in which the majority of the patients belong to this class, as well as some that fulfilled the inclusion criteria, however, did not wish to participate. This same factor may have contributed to the higher prevalence of ID cases in women in this study, unlike other studies. The disparity in the ages of the probands was mainly due to the fact that the majority consisted of people who had been in the institution for a long time, with some newcomers in the youth age group.
The dysmorphisms found were important to guide the investigation, suggesting a prior hypothetical diagnosis for each case.
The G banding technique was successful, enabling the detection of mosaicism and heterochromatin variants. The low number of changes found suggests, for these cases, the existence of other aspects, besides genetic factors, as a cause of ID or that there were changes not detectable by the technique employed, requiring additional tests including the use of molecular techniques for the individuals whose dysmorphological phenotypes indicate some type of syndrome.
